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@ Alpha-substituted-alpha-fluoro-alpha-cyanoacetic acids and their derivatives.

@ a-substituted-a-fluoro-a-cyanoacetic acids and their de-
rivatives are disclosed that are expressed by the general
formula:

wherein R is an aliphatic or aromatic hydrocarbon group, or
hydrogen or alkali metal atom, and R’ is a group as derived
from an unsaturated compound expressed by the foliowing
general formula:

YCH = CHR® or YC = CR",

wherein R" is a hydrogen atom or aliphatic group and Y is a
highly electronegative group with or without formation of a
ring by bonding to a carbon atom to which the group R" is
bonded, and which can be used as agricultural chemicals or
as intermediates for their manufacture.
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BACKGROUND OF THE INVENTION

Title of the Invention

d - substituted~d ~ fluoro~d - cyanocacetic acids and their
derivatives

Field of the Invention

This invention relates to d - substituted-o - fluoro-d -

cyanoacetic acids and their derivatives.

Description of the Priot Art

There are known many monofluoro compounds that have
physiological activities and/or are efficacious as

agricultural chemicals or medicines. As a building block

of such monofluoro compounds, the d - fluoro-d - cyanoacetic

acid esters are thus considered to be very important

intermediates.

OBJECTS AND SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to
provide new and useful fluorine containing cyanoacetic

acids and their derivatives.

Namely, the invention provides d- substituted-d - fluoro-
d - cyanocacetic acids and their derivatives that are ex-

pressed by the following general formula:

R! /CN
\c\
r’ CO,R

wherein R is an aliphatic or aromatic hydrocarbon group,
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or hydrogen or alkali metal atom and R' is a group that
derived from an unsaturated compound expressed by the
following general formula:

YCH = CHR" or ¥YC = CR",

wherein R" is a hydrogen atom or aliphatic group pre-
ferably having carbon atoms of 1 to 6, and Y is a highly
electronegative group with or without formation of a

ring with the carbon atom to which R" is bonded.

The above cyanoacetic acids and their derivatives of the
invention have a flyorine atom in their molecular struc-
ture and therefore exhibit superior properties of the
fluoro compound while their cyano group gives them an

efficacy as agricultural chemicals such as herbicides.

R in the above general formula may preferably be selected
from among alkyl groups having up to 10 cgarbon atoms, for
example, methyl, ethyl, propyl and butyl groups, and allyl
and other alkenyl groups, aryl and other unsubstituted

and substituted aromatic hydrocarbon groups.

Y is preferably an alkylcarbonyl or alkoxycarbonyl group
preferably having carbon atoms of 1 to 6, or cyano group

bonded to a carbon atom comprising the unsaturated carbon-
carbon bond.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Examples of the compounds of the present inpvention will
be concretely described in terms of their manufacturing
method.

For example, using hexafluoropropane (HFP) as the start-

ing material, the following reaction is conducted to pre-



10

15

20

25

30

35

0167179

pare ethyl d- fluoro-d - cyanoacetate 2 through tetrafluoro-
propionitrile 1 with ethyl monofluoromalonate 3 as by-pro-
duct:
NH3 ag./Dioxane
CF,CF=CF, 0-10°C > CF,CHFCN
(Bubbling) (Yield: 75-80%)

1) NaOH/C.H_OH

275
+
2) H3O

1) > NCCHFC02C2H5
2
(Yield: 60%)
+
C2H502CCHFC02C2H5
(Yield: 25%)

In the above reaction, the nitrile 1 is produced in a
short reaction time with a much improved yield by using

a dry ice~acetone condenser and having HFP bubbled into

an ammonia-dioxane sulution at a controlled reaction
temperature. The above synthesis of compound 1 is conduct-
ed by a method as disclosed by Knunyants and others where—
in ammonia, if used in an excessive amount and particular-
ly more than several times its stoichiometric quantity, a
much improved yield to 75 to 80% as mentioned above can

be obtained.

Next, this nitrile 1 is subjected to alcoholysis by react-
ing with an alkoxide or alcoholic potassium hydroxide
solution. The reaction mixture is then acidified by addi-
tion of hydrochloric acid or the like for the selective
formation of the above malonic ester 3. If, after the
alcoholysis under the action of an alcoholic alkali
hydroxide solution, for example, ethanolic or propanolic
sodium hydroxide solution, the alcohol is removed and

hydrochloric acid is then added for
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acidification, the product 2 will be produced almost in a
yield of 70%.

Since the products 2 and 3 have boiling points that
differ by 35°C, it is possible to isolate and purify the
compound 2 by rectification (yield of 2: 60%, boiling point:
174-175°C). .

A possible reaction scheme for the mechanism by which
the compound 2 is formed from 1 is given below, in which the
reaction proceeds through formation of perfluoroacrylo-
nitrile as an intermediate. It is assumed that ethyl

fluorocyanoorthoacetate 4 is then formed. If it is
hydrolyzed by an acid, such as HC1, HZSO4 or the like, there
is produced the compound 2. Further, partially, the

hydrochloride of ethyl ¢~fluorocarboethoxyimidoacetate is

formed and, as its cyano group is decomposed, the compound 3

is produced.

OH ' )
CFCHFCN >~ [CF;CFCN]
1
-F
=————> [CF.,=CFCN]
C,H_OH
~£ 2 5 [C,H.OCF,CHFCN]
ox® e
> [C,H OCF,CFCN]
_Fe
s>~ (C.H_O) _CCHFCN
C,H OH 275773

4
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C,H

\f

02CCHFCN

275

2
+
C2H502CCHFC02C2H5
3
It is noted that the ester 2 produced from the above

reaction can be hydrolyzed to ¢{-fluoro -¢{-cyanoacetic acid 5 or
treated with alkali hydroxide to form an alkali salt 6, for
example, sodium salt of o~fluoro-K~cyanoacetic acid according

to the following reaction:

C,H_O,CCHFCN

27572
gt
————————>—H02CCHFCN + C2H50H
2
or C2H502CCHFCN
NaOH
-———————r-NaOZCCHFCN + CZHSOH
6 .

In the above method of manufacturing the compound 2,
HFP industrially produced is usea as the starting material and it
is reacted with ammonia and the resultant cbmpoﬁnd is
particularly subjected to an alcoholysis
reaction followed by a treatment with a mineral acid. So
the o-fluoro-K-cyanoacetate ester can be produced at a low cost
under a harmless condition.

The alkyl (ethyl) group in the ethoxycarbonyl group of
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the above ester 2 derives from the alkoxide or alcohol used
in the alcoholysis as mentioned above.

If the hydrocarbon group of such alkoxide or alcohol is
selected so as to correspond to the given R, therefore, the
alkylated or alkenylated ester of the invention can be
produced as mentioned below.

For example, the above ethyl L -fluoro-&-cyanoacetate can
be alkylated cr alkenylated under presence of various bases
at room temperature. Since, among these bases, NaH performs
excellently, first, the ester is added to ice-cooled
NaH in diglyme to form a carbanion from
the compound 2 , then, an alkyl or alkenyl halide R'X
where R' is particularly an aliphatic hydrocarbon group
having up to 10 carbon atoms and X is a halégen atom is
added dropwise for agitation at room temperature. The above
reaction of alkylation or alkenylation proceeds according to
the following‘formula, which gives the alkylated or
alkenylated products as expressed by the chemical formula 7

in high yield as in Table 1:

H CN 1) NaH R' CN
\c/ N \C/
PN PN
F COZCZHS 2) R'X F COZCZHS
2 Z
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Table 1
Rx Reaction R' of 19rNmr  Lrumr
time, hr product 7  Yield, slppm) 0 (H)
CH;Br 2 CHr & 71.0(Q) 21.8
C.HsBr 5 C.He 73 78.5(1) 20.7

CH,=CHCH,Br 5 CH,=CHCH,r 71 81.0(1) 21.4

n—C,H.Br 5  n—CHs 74 114.6(1) 216

Having a cyano group, such alkylated or alkenylated
A-fluoro-g~cyanoacetate ester 7 is superbly efficacious as
agricultural chemicals, for gxample, as a herbicice. 1In
addition, the above compounds 2 and 7 can be used to
synthesize derivatives of pyrimidine.

Thereafter, the above compound 2 is subjected to a
10 min reaction under agitation and under presence of a
catalytic amount of spray—driéd XF in sulfolane at
room temperature to produce thg’following carbanion 8:

NCCHFC02C2H5

2

Base ) :
_— [NCCFCOO-CZHSJ

8
Various acceptors of the Michael reaction or Michael
acceptors can then be added to the above carbanion in an ice
~cooled condition to give a reaction as expressed by the

following formula at room temperature for immediate
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conversion to the corresponding Michael adducts at a

high yield:

e
lnccrc02c2H5] + YCH=CHR
8 .
- R" CN
HY I
>~ YCH,CH-CFCO,C,H,
9

wherein YCH=CHR" is a Michael acceptor, R" being a hydrsgen
atom or alkyl group and Y a highly electronegative group,
for example, alkylcarbonyl, alkoxycarbonyl or cyano group.
Y may form a ring by bonding to the carbon atom to which R"
is bonded. The above Michael reaction can also use an
acceptor that has a carbon-carbon triple bond. 1In this
case, the reaction proceeds as follows:

e
(NCCFC02C2H5] + YC=CR

8

- R"CN
+
H [

—r-YCH=C—CFC02CZHS

3
The following Table 2 gives several examples of the
Michael adducts 9 as derived from the

ethyl &-fluoro-A-cyanoacetate by the above method.
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Table 2
Michael Reaction Product 19F NMR 19}-‘ NMR
acceptor time (Michael adduct) Yield, 8 §(ppm) JHF(HZ)
¢ ﬁ?
,E\ ALH2 10 min \CH 2 * CN 79 77.3(1) 209
CHy 2 F COzC7}*15
0 0 CHs
h | . . 8130d)  eq
C}h\o’c‘m’q’ 2hr CHa\O,C\CH, *,CI\ S g28(d :
Chs “coscts
0 (l? )
I 76.5(dd) 19.8.
CACH  2hr CHs_ Gy o G’&*/CN 94 78.8(dd_3 21.6
\g% g]:; F CDZC?H::
9 2
i . 83.5(d)
@ 10 min @\*;N 9 g5 170
AL
F C0CoHs
0 s
i 78.9(d 220
C_AH 10 mn _ Oy Ok X 83 g4l 229
CH3 ~Ph CHy THz * -
F * COCHs
9 T
B 795(d)  20.7
Gh\o’c‘czfm 15hr %6’(:‘04{9‘ N 52 g35(d) 235
“Pb *\COzCﬂ'ls

Thése Michael adducts can be used as agricultuial

chemicals, for example, herbicide, insecticide or these intermediates.
The above embodiments are set forth as a further
description but are not to be construed as limiting the

invention thereto. Modifications and variations. are
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possible without departing from the spirit and scope of the
invention.

,Féf éxample, if alkylated or alkenylated as mentioned
above, the fdfegoing compound 5 or gAgives the corresponding
alkylated or alkenylated ({-fluoro-(-cyanocacetic acids or their
alkali metal salts. |

When subjected to the Michael reaction
as mentioned above, the same compound 5 or 6 gives the
corresponding Michael adduct of o/~fluoro-g/-Cyanoacetic acid or
its alkali metal salt.

The iﬁvention will be understood more clearly with

reference to the following Examples:

Manufacturing Example

In a thrée—necked flask equipped with an efficient dry-ice
condenser, 1000 g of conc. ammonia water and 500 ml of dioxéne are
placed. Into this mixture, 291 g of hexafluoro propene gas
was introduced at the rate of 0.9 g/min, ieeping the temperature
at oiz °c . After the introduction, the reaction mixture was
stirréﬁ for 2 hrs at -5 to 0 °c, extracted with xylene, washed
with water, dried over magnesium sulfate and subjected to
distillation.

Thus 183 g of 2,3,3,3~tetrafluoropropio-nitrile, b.p.
39-40 °c, was obtained in a 74 % yield.

Instead of 1,4-dioxane in the preceding procedure, the

same amount of tetrahydrofuran can be used.
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In a similar manner 295 g of hexafluoropropene used
giving 206 g (82 % yield) of 2,3,3,3-tetrafluoro-
propionitrile.

In a 2 V-flask a solution of 120 g (3 mol) of sodium hy-
droxide in 11 of ethanol was placed and 127 g (1 mol) of
2,3,3,2-tetrafluorcpropionitrile was added dropwise at
room temperature and stirred for 1 hr. From the reaction
mixture 500 ml of ethanol distilled out and the residue
was poured into 11 of water. The oily material was extracted
with chloroform, washed with water 5 times, and dried over
calcium chloride.

To the extract thus obtained 80 ml of conc. hydro-
chloric acid was added and the mixture was stirred at room
temperature for lh. After neutralization with a saturated
agueous solution of sodium bicarbonate, an oily layer was
separated, washed with water and dried over magnesium
sulfate. On removing chloroform 79 g (60 %) of ethyl
ol-fluoro-f~-cyanoacetate and 46 g (26 %) of ethyl fluoro-
malonate were distilled out at 174-175 °c and 208-210 °cC,
respectively. The product, that is, ethyl A-fluoro-gcyano-

acetate showed the following properties:

IR (neat) : 2260 (CN), 1780,1760 cm ' (Ester)

19 NMR (CHC1,) : 6114.0 (d) (Jyp=45.5 Hz)

'y NMR (CDC1,) : 6 5.47 (d) (I =47.4 Hz), 4.30(q),
1.30 (t)

MS (m/e): 131 (M7)
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Examglé 1
Into a mixture of 290 mg (5 mmol) of spray-dried
potassium fluoride and 10 ml of sulfolane, 2.65 g (20 mmol)
of ethyl A-fluoro-¢{~cyano acetate as obtained above was added
dropwise at rodm temperature. After agitation of the mixture for 10
minutes,2.929 (20 mmol) of benzal acetone was added drop-
wise under ice cooling to the reaction solution,
then stirred for 10 minutes at 0 to 5 °C. Thereafter,
a‘saturated ammonium»chloride solution was added to the
mixture, an oily material was extracted with ether andr
dried over magnesium sulfate. After the ether was dis-
tilled out 4.7 g of a Michael adduct of b.p. 141 to 142
°C/2 mmHg was obtained in a yield of 85 % by a destillation
under reduced pressure. This product showed the following
analytical properties: |
IR (neat): 2260 (CN), 1715 (CO), 1770 cm ' (Ester)
19 NMR (CCl,): § 78.9 (4, J,.=22.0 Hz), 81.4 (d, Jy,
=22.9 Hz)
'y NMR (ccl,): §1.00-1.30 (2t), 2.00 (s), 3.05 to
3.21 (24), 3.80-4.32 (29+m), 7.22-
7.48 (m)
MS (m/e): 277 (M%)
Example 2

Into a mixture of 290 mg (5 mmol) of spray-dried

potassium fluoride and 10 ml of sulfolane, 2.65 g (20 mmol)
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of ethyl d - fluoro-d - cyancacetate was added dropwise at
room temperature. After agitation for 10 minutes at 0 to
5°C, 3.25 g (20 mmol) of methyl cinnamate was added drop-
wise under ice cooling to the reaction mixture and these
were reacted for 15 hours at room temperature. Then, the
reaction mixture was treated similarly to Example 1 to
provide 4.8 g of a Michael adduct of b.p. 134-135 °C/3 mmHg
in a yield of 83 % through a reduced-pressure distillation.
This product had the following properties:

1

IR (neat): 2260 (CN), 1770, 1745 cm ~ (Ester)

19 . _
F NMR (CC14). 5 79.5 (4, JHF—2O.7 Hz),
83.5 (d, Jyp=23.5 Hz)

MS (m/e): 293 (M%)
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CLAIMS

1. o~ substituted-d - fluoro-d -cyanoacetic acids and
their derivatives that are expressed by the general for-
mula:

wherein R is an aliphatic or aromatic hydrocarbon group
or hydrogen or alkali metal atom, and R' is a group as
derived from an unsaturated compound expressed by the
following general formula: '

YCH = CHR" or YC = CR" ,

wherein R" is a hydrogen atom or aliphatic group and Y is
a highly electronegative group with or without formation
of a ring by bonding to a carbon atom to which the group
R" is bonded.

2. The d- substituted-d - fluoro-d - cyanoacetic acids
and their derivatives as claimed in claiml, c¢char ac-
terized in that R is an alkyl or alkenyl group
having up to 10 carbon atoms, or an aryl group.

3. The d - substituted-d - fluoro-d - cyanoacetic acids
and their derivatives as claimed in claim l, ¢ harac-
terized in that the group Y is an alkylcarbonyl

or alkoxycarbonyl or cyano group bonded to a carbon atom
comprising the unsaturated carbon-carbon bond.
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